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1

Z.00M LENS AND IMAGE PICKUP
APPARATUS USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s a division of U.S. patent

application Ser. No. 14/054,225 filed on Oct. 135, 2013,
which 1s based upon and claims the benefit of priority from
the prior Japanese Patent Application No. 2013-015651 filed
on Jan. 30, 2013; the entire contents of which are 1corpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a zoom lens and an 1image
pickup apparatus using the same.

Description of the Related Art

As a zoom lens having a high zoom ratio, a zoom lens
disclosed in Japanese Patent Application Laid-open Publi-
cation No. 2012-083472, and an image pickup apparatus
using the same have hitherto been known.

SUMMARY OF THE INVENTION

A zoom lens according to a first aspect of the present
invention comprises in order from an object side to an 1mage
side,

a first lens umt having a positive refractive power,

a second lens unit having a negative refractive power,

a third lens unit having a positive refractive power, and

a fourth lens umit having a negative refractive power,
wherein

the zoom lens further includes

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit, and

the first lens unit includes a negative lens and a plurality
of positive lenses, and

at the time of zooming from a wide angle end to a
telephoto end,

a distance between the first lens umit and the second lens
unit widens,

a distance between the second lens unit and the third lens
unit narrows, and a distance between the third lens unit and
the fourth lens unit changes, and

the following conditional expressions (1) and (2) are
satisiied

2.85<f /Dy 45,<7.40 (1)

0.2<D ,cpng/f<0.40 (2)

where,

t. denotes a focal length of the overall zoom lens system
at the telephoto end,

D., ,s, denotes a distance on an optical axis from an
object-side surface of a lens nearest to the object side 1n the
first lens umt up to the aperture stop, at the telephoto end,
and

D ,<n, denotes a distance on the optical axis from the
aperture stop up to an 1mage, at the telephoto end.

A zoom lens according to a second aspect of the present
invention comprises in order from an object side to an 1mage
side,

a first lens umt having a positive refractive power,

a second lens unit having a negative refractive power,

a third lens unit having a positive refractive power, and
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2

a fourth lens umit having a negative refractive power,
wherein

the zoom lens further includes

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit, and

the first lens unit includes a negative lens and a plurality
of positive lenses, and

at the time of zooming from a wide angle end to a
telephoto end,

a distance between the first lens unit and the second lens
unit widens,

a distance between the second lens unit and the third lens
unit narrows, and

a distance between the third lens unit and the fourth lens
unmit changes, and

the following conditional expressions (1) and (3) are
satisfied

2.85<f /D¢y 46,<7.40 (1)

0.1 6{DG2 GB‘W/DG].IML‘{O'6 (3)

where,

. denotes a focal length of the overall zoom lens system
at the telephoto end,

D, ,., denotes a distance on an optical axis from an
object-side surface of a lens nearest to the object side in the
first lens unit up to the aperture stop, at the telephoto end,

D, +1,, denotes a distance on the optical axis between the
second lens unit and the third lens unit at the wide angle end,
and

D, . denotes a distance on the optical axis from the
object-side surface of the lens nearest to the object side 1n
the first lens unit up to an 1mage, at the telephoto end.

A zoom lens according to a third aspect of the present
invention comprises 1 order from an object side to an 1mage
side,

a first lens unit having a positive refractive power,

a second lens unit having a negative refractive power,

a third lens unit having a positive refractive power, and

a fourth lens umt having a negative refractive power,
wherein

the zoom lens further includes

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit, and

the first lens unit includes a negative lens and a plurality
ol positive lenses, and

at the time of zooming from a wide angle end to a
telephoto end.,

a distance between the first lens unit and the second lens
unit widens,

a distance between the second lens umit and the third lens
unit narrows, and

a distance between the third lens unit and the fourth lens
unit changes, and

the following conditional expressions (1) and (4) are
satisfied

2.85<f /D¢y 46,<7.40 (1)

0.05<(Dg1mm—Dcrme) fi<022 (4)

where,

. denotes a focal length of the overall zoom lens system
at the telephoto end,

D., ,s, denotes a distance on an optical axis from an
object-side surface of a lens nearest to the object side in the
first lens unit up to the aperture stop, at the telephoto end,
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D, . denotes a distance on the optical axis from an
object-side surface of the lens nearest to the object side 1n
the first lens unit up to an 1mage, at the telephoto end,

D, s, denotes a distance on the optical axis from the
object-side surface of the lens nearest to the object side 1n
the first lens unit up to the image, at the wide angle end.

A zoom lens according to a fourth aspect of the present
invention comprises 1 order from an object side to an 1mage
side,

a first lens umt having a positive refractive power,

a second lens unit having a negative refractive power,

a third lens unit having a positive refractive power, and

a fourth lens umit having a negative refractive power,
wherein

the zoom lens further includes

an 1image-side lens unit having a positive refractive power,
which 1s disposed on the image side of the fourth lens unait,
and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit, and

the first lens unit includes a negative lens and a plurality
of positive lenses, and

at the time of zooming from a wide angle end to a
telephoto end,

a distance between the first lens unit and the second lens
unit widens,

a distance between the second lens unit and the third lens
unit narrows, and

a distance between the third lens unit and the fourth lens
unit changes, and

a distance between the fourth lens unit and the 1mage-side
lens unit changes, and

the first lens unit 1s positioned on the object side at the
telephoto end, than a position at the wide angle end, and

the 1image-side lens unit 1s positioned on the 1mage side at

the telephoto end, than a position at the wide angle end, and
the following conditional expression (1) 1s satisfied

2.85<f/D gy 46,<7.40 (1)

where,

t. denotes a focal length of the overall zoom lens system
at the telephoto end, and

D., ., denotes a distance on an optical axis from an
object-side surface of a lens nearest to the object side in the
first lens unit up to the aperture stop, at the telephoto end.

A zoom lens according to a fifth aspect of the present
invention mcludes i order from an object side to an 1mage
side,

a first lens umt having a positive refractive power,

a second lens unit having a negative refractive power,

a third lens unit having a positive refractive power, and

a fourth lens umit having a negative refractive power,
wherein

the zoom lens further includes

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit, and

the first lens unit includes a negative lens and a plurality
of positive lenses, and

at the time of zooming from a wide angle end to a
telephoto end,

a distance between the first lens umit and the second lens
unit widens,

a distance between the second lens unit and the third lens
unit narrows, and

a distance between the third lens unit and the fourth lens
unit changes, and
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4

the following conditional expressions (1) and (5) are
satisfied

2 85<F/D ey 15,740 (1)

20<f/f.,<50 (5)

where,

t, denotes a focal length of the overall zoom lens system
at the telephoto end,

D., ., denotes a distance on an optical axis from an
object-side surface of a lens nearest to the object side 1n the
first lens unit up to the aperture stop, at the telephoto end,
and

f  denotes a focal length of the overall zoom lens system
at the wide angle end.

An 1mage pickup apparatus according to the present
invention comprises

a zoom lens, and

an 1mage pickup element which 1s disposed on an 1image
side of the zoom lens, and which converts an image formed
by the zoom lens to an electric image, wherein

the zoom lens 1s the zoom lens according to the first aspect
of the present invention.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

FIGS. 1A, 1B, and 1C are cross sectional views of a zoom
lens according to a first example of the present invention
taken along its optical axis, showing 1ts configuration in the
state 1n which the zoom lens 1s focused on an object point at
infinity, where FIG. 1A shows the state at the wide angle
end, FIG. 1B shows the state in an intermediate focal length
state, and FIG. 1C shows the state at the telephoto end,;

FIGS. 2A, 2B, and 2C are cross sectional views of a zoom
lens according to a second example of the present invention
taken along 1ts optical axis, showing 1ts configuration 1n the
state 1n which the zoom lens 1s focused on an object point at
infinity, where FIG. 2A shows the state at the wide angle
end, FIG. 2B shows the state in an intermediate focal length
state, and FIG. 2C shows the state at the telephoto end;

FIGS. 3A, 3B, and 3C are cross sectional views of a zoom
lens according to a third example of the present invention
taken along its optical axis, showing 1ts configuration in the
state 1n which the zoom lens 1s focused on an object point at
infinity, where FIG. 3A shows the state at the wide angle
end, FIG. 3B shows the state in an intermediate focal length
state, and FIG. 3C shows the state at the telephoto end,;

FIGS. 4A, 4B, and 4C are cross sectional views of a zoom
lens according to a fourth example of the present mnvention
taken along 1ts optical axis, showing 1ts configuration 1n the
state 1n which the zoom lens 1s focused on an object point at
infinity, where FIG. 4A shows the state at the wide angle
end, FIG. 4B shows the state in an intermediate focal length
state, and FIG. 4C shows the state at the telephoto end;

FIGS. 5A, 5B, and 5C are cross sectional views of a zoom
lens according to a fifth example of the present invention
taken along its optical axis, showing 1ts configuration in the
state 1n which the zoom lens 1s focused on an object point at
infinity, where FIG. SA shows the state at the wide angle
end, FIG. 5B shows the state in an intermediate focal length
state, and FIG. SC shows the state at the telephoto end,;

FIGS. 6A to 6L are aberration diagrams of the zoom lens
according to the first embodiment in the state in which the
zoom lens 1s focused on an object point at infinity;

FIGS. 7A to 7L are aberration diagrams of the zoom lens
according to the second embodiment 1n the state in which the
zoom lens 1s focused on an object point at infinity;
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FIGS. 8A to 8L are aberration diagrams of the zoom lens
according to the third embodiment in the state 1n which the

zoom lens 1s focused on an object point at infinity;

FIGS. 9A to 9L are aberration diagrams of the zoom lens
according to the fourth embodiment 1n the state 1n which the
zoom lens 1s focused on an object point at infinity;

FIGS. 10A to 10L are aberration diagrams of the zoom
lens according to the fifth embodiment 1n the state 1n which
the zoom lens 1s focused on an object point at infinity;

FIG. 11A and FIG. 11B are cross-sectional views of a
digital camera 1n which, the zoom lens according to the
present invention 1s installed, where, FIG. 11A 1s a cross-
sectional view when collapsed to accommodate, and FIG.
11B 1s a cross-sectional view at the wide angle end;

FIG. 12 1s a front perspective view showing an appear-
ance of a digital camera as an 1mage pickup apparatus;

FIG. 13 1s a rear perspective view showing an appearance
of the digital camera as an 1image pickup apparatus, and

FI1G. 14 1s a block diagram showing an internal circuit of
main components of the digital camera.

DETAILED DESCRIPTION OF TH.
INVENTION

(1]

Embodiments of a zoom lens according to the present
invention, and an 1mage pickup apparatus in which the zoom
lens 1s used will be described below 1n detail by referring to
the accompanying diagrams. However, the present invention
1s not restricted to the embodiments described below.

To start with, prior to explaining examples, an action and
an effect of the zoom lens according to the present embodi-
ment will be described below.

The present embodiment 1s an embodiment having a basic
arrangement of the alorementioned zoom lens, and further
having arrangement of aspects from the first aspect to the
fifth aspect.

In the zoom lens according to the present embodiment, by
making a zoom lens arrangement of four or more than four
lens units, 1t 1s made to be advantageous for securing
zooming ellect. Since a fourth lens unit 1s let to have a
negative refractive power, the fourth lens unit magnifies an
image. In other words, it has a function of making the overall
zoom lens small with respect to a size of an 1image plane. The
overall length of the zoom lens 1s shortened while securing
a high zoom ratio.

In the zoom lens according to the present embodiment, a
first lens unit includes three or more lenses, and both of a
correction of chromatic aberration at a telephoto end and a
correction of curvature of field at a wide angle end are
carried out. A positive refractive power of the first lens unit
1s 1improved, and 1t also leads to shortening of an overall
length of the zoom lens at the telephoto end.

Moreover, by an aperture stop being disposed near a
center ol the overall zoom lens, both of an aberration
correction and small-sizing can be carried out easily.

The zoom lens according to the present embodiment
satisfies the atorementioned conditional expression (1).

Conditional expression (1) 1s an expression which speci-
fies a preferable relation of a focal length at the telephoto
end and a position of the aperture stop at the telephoto end.

In the zoom lens according to the present embodiment,
small-sizing 1n a radial direction of the first lens unit and
reduction of a comatic aberration of a secondary spectrum at
the telephoto end are carried out by making an arrangement
such that a lower limit value does not fall below a lower limait
of conditional expression (1). Moreover, also reduction of a
chromatic aberration of magnification of a primary spectrum
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at the telephoto end 1s carried out by making an arrangement
such that an upper limit of conditional expression 1s not
exceeded.

The zoom lens according to the present embodiment
satisfies the aforementioned conditional expression (2).

Conditional expression (2) 1s an expression which speci-
fies a preferable relation of a distance from the aperture stop
up to an 1mage, and the focal length at the telephoto end.

In the zoom lens according to the present embodiment,
correction of the chromatic aberration of magnification of
the primary spectrum at the telephoto end 1s carried out by
making an arrangement such that a lower limit value does
not fall below a lower limit of conditional expression (2).
Moreover, shortening of the overall length of the zoom lens
and correction of a spherical aberration at the telephoto end
are carried out by making an arrangement such that an upper
limit of conditional expression (2) 1s not exceeded.

The zoom lens according to the present embodiment
satisfies the aforementioned conditional expression (3).

Conditional expression (3) 1s an expression which speci-
fies a preferable relation of a distance between a second lens
unit and a third lens unit at the wide angle end, and the
overall length of the zoom lens at the telephoto end.

In the zoom lens according to the present embodiment, by
making an arrangement such that a value does not fall below
a lower limit of conditional expression (3), the distance
between the second lens unit and the third lens umit at the
wide angle end 1s secured, and securing of zoom ratio and
correction of curvature of field at the wide angle end are
carried out. Moreover, by making an arrangement such that
an upper limit of conditional expression (3) 1s not exceeded,
fluctuation 1n the curvature of field from the wide angle end
to the telephoto end 1s suppressed.

The zoom lens according to the present embodiment
satisfies the aforementioned conditional expression (4).

Conditional expression (4) 1s an expression which speci-
fies a preferable relation of an amount of movement of the
first lens unit with respect to the image, and the focal length
of the overall zoom lens system at the telephoto end.

In the zoom lens according to the present embodiment, by
making an arrangement such that a value does not fall below
a lower limit of conditional expression (4), the overall length
of the zoom lens a the wide angle end 1s secured, and the
curvature of field at the wide angle end 1s suppressed.
Moreover, by making an arrangement such that an upper
limit of conditional expression (4) 1s not exceeded, the
amount ol movement of the first lens unit 1s suppressed, and
the fluctuation in the curvature of field from the wide angle
end to the telephoto end 1s suppressed.

In the zoom lens according to the present embodiment, an
arrangement 1s made such that an 1mage-side lens umt (a
fifth lens unit) having a positive refractive power 1s disposed
on an 1mage side of a fourth lens unit having a negative
refractive power, and an exit pupil 1s kept at a distance from
an 1mage plane.

A distance between the fourth lens unit and the 1mage-side
lens unit changes, the first lens unit 1s positioned on an object
side at the wide angle end than a position at the wide angle
end, and the image-side lens unit 1s positioned on the image
side at the telephoto end than a position at the wide angle
end.

By moving the first lens umt, a function of increasing
magnification of the second lens unit 1s secured. Moreover,
by carrying out an operation of increasing magnification by
moving the image-side lens unit, a load of zooming on other
lens units 1s reduced. An amount of movement of the lens
units which move at the time of zooming 1s suppressed, and
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a fluctuation in the curvature of field and the spherical
aberration with zooming 1s suppressed.

The zoom lens according to the present embodiment
satisfies the atorementioned conditional expression (5).

Conditional expression (3) 1s an expression which speci-
fies a preferable zoom ratio.

In the zoom lens according to the present embodiment, by
making an arrangement such that a value does not fall below
a lower limit of conditional expression (5), the zoom lens 1s
let to be a zoom lens 1n which, a change 1n an angle of view
1s secured sufliciently. Particularly, super telephoto-region
photography 1s made possible. Moreover, by making an
arrangement such that an upper limit of conditional expres-
s10m (5) 1s not exceeded, reduction of the overall length at the
telephoto end and securing brightness at the telephoto end
can be carried out easily.

In the zoom lens according to the present embodiment, the

second lens unit satisfies the following conditional expres-
sion (6).

~0.06<f,/f<—0.03 (6)

where,

., denotes a focal length of the second lens unit.

Conditional expression (6) 1s an expression which speci-
fies the preferable focal length of the second lens unit with
respect to the focal length at the telephoto end.

In the zoom lens according to the present embodiment, by
making an arrangement such that a value does not fall below
a lower limit of conditional expression (6), the fluctuation 1n
the curvature of field from the wide angle end to the
telephoto end 1s suppressed. Moreover, by making an
arrangement such that an upper limit of conditional expres-
s1on (6) 1s not exceeded, the curvature of field at the wide
angle end 1s suppressed.

The zoom lens according to the present embodiment
satisiies the following conditional expressions (3-1) and (7).

23<f/f., <50 (5-1)

0.010<D g oo 3/f,<0.07 (7)

where,

D, s-,3 denotes a distance between the first lens unit and
the second lens unit, 1n an arbitrary state 1n which, the focal
length becomes shorter than t/23.

In an arrangement 1n which the zoom ratio exceeds 23 in
order to satisfy conditional expression (5-1), the distance
between the first lens unit and the second lens unit satisfies
conditional expression (7).

By making an arrangement such that a value does not fall
below a lower lmmit of conditional expression (7), the
fluctuation 1n the curvature of field from the wide angle end
to the telephoto end is suppressed. By making an arrange-
ment such that an upper limit of conditional expression (7)
1s not exceeded, the curvature of field at the wide angle end
1s suppressed.

An embodiment such as Example 1 and Example 4, 1n
which the zoom ratio exceeds 28, satisfies the following
conditional expressions (5-2) and (8).

28<f/f. <50 (5-2)

0.010<D g orre/f,<0.07 (8)

where,

D =--5 denotes a distance between the first lens unit and
the second lens unit, in an arbitrary state in which, the focal
length 1s shorter than 1/28.
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In an arrangement 1n which, the zoom ratio exceeds 28 1n
order to satisly conditional expression (3-2), the distance
between the first lens unit and the second lens unit satisfies
conditional expression (8).

By making an arrangement such that a value does not fall
below a lower limit of conditional expression (8), the
fluctuation 1n the curvature of field from the wide angle end
to the telephoto end 1s suppressed. By making an arrange-
ment such that an upper limit of conditional expression (8)
1s not exceeded, the curvature of field at the wide angle end
1s suppressed.

In the zoom lens according to the present embodiment, the
first lens unit 1s positioned on the object side at the telephoto
end, than a position at the wide angle end, the second lens
unit 1s positioned on the 1image side at the telephoto end, than
a position at the wide angle end, the third lens unit is
positioned on the object side at the telephoto end, than a
position at the wide angle end, and the fourth lens umit 1s
positioned on the object side at the telephoto end, than a
position at the wide angle end.

Accordingly, it 1s possible to make small an amount of
movement of each lens unit, and it 1s easy to make short a
drive mechanism (such as a lens barrel) which moves the
lens units, thereby achieving both, a high zoom ratio and
thinning when collapsed to accommodate.

In the zoom lens according to the present embodiment, the
aperture stop 1s disposed immediately before the object side
of the third lens unit, and the third lens unit and the aperture
stop move integrally along an optical axis and are positioned
on the object side at the telephoto end than a position at the
wide angle end.

Accordingly, small-sizing in a radial direction of the third
lens unit, small-sizing of the first lens unit and the second
lens unit, and an adjustment of the exit pupil of the zoom
lens are carried out.

In the zoom lens according to the present invention, the
second lens includes maximum of three lenses. Accordingly,
it 1s an arrangement which 1s advantageous for a low cost,
and small-sizing when collapsed to accommodate.

Moreover, the third lens unit includes maximum of four
lenses. Consequently, 1t 1s an arrangement which 1s advan-
tageous for a low cost, and small-sizing when collapsed to
accommodate.

Moreover, the fourth lens unit includes one lens compo-
nent.

Here, the lens component 1s a lens block of which, only
two surfaces namely, an object-side surface and an 1image-
side surface make a contact with air, 1n an optical path.

Accordingly, it 1s an arrangement which 1s advantageous
for low cost, and small-sizing when collapsed to accommo-
date.

The zoom lens according to the present embodiment 1s a
five-unit zoom lens 1n which, an 1mage-side lens unit having
a positive refractive power 1s disposed on the 1mage side of
the fourth lens umt, and at the time of zooming from the
wide angle end to the telephoto end, a distance between the
fourth lens unit and the 1image-side lens unit changes.

By disposing the image-side lens unit, the exit pupil 1s
kept at a distance from the image. Accordingly, an angle of
incidence of a light ray on an electronic image pickup
clement 1s suppressed, and an occurrence of chromatic
shading 1s suppressed.

In the zoom lens according to the present embodiment, the
image-side lens unit icludes one lens component. Conse-
quently, 1t 1s an arrangement which 1s advantageous for low
cost, and small s1zing when collapsed to accommodate.
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An 1mage pickup apparatus according to the present
embodiment includes

a zoom lens, and

an 1mage pickup element which is disposed on an 1mage
side of the zoom lens, and which converts an 1image formed
by the zoom lens to an electric signal, and

the zoom lens 1s one of the atorementioned zoom lenses.

Accordingly, 1t 1s an 1mage pickup apparatus 1n which a
zoom ratio and an optical performance are secured, and
small-sizing 1s possible.

The mmage pickup apparatus according to the present
embodiment further has on an object side of the first lens
unit, a lens barrier section having a plurality of barrier
members which retract in a direction perpendicular to an
optical axis.

Since an ellective diameter of the first lens unit 1s made
small, by disposing the lens barrier portion which retracts
(may be by a linear movement or by a rotational movement)
in the direction perpendicular to the optical axis, a portabil-
ity and an operability are improved.

It 1s preferable that a plurality of the abovementioned
arrangements 1s satisfied simultaneously.

For each conditional expression, by specifying one of or
both of an upper limit value and a lower limait value as shown
below, 1t 1s possible to make an effect more assured.

For conditional expression (1), it 1s more preferable to let
a lower limit value to be 2.9, and 3.0 1s even more preferable.
Moreover, for conditional expression (1) it 15 more prefer-
able to let an upper limit value to be 3.5, and 4.0 1s even
more preferable.

For conditional expression (2), it 1s more preferable to let
a lower limit value to be 0.23, and 0.26 1s even more
preferable. Moreover, for conditional expression (2), 1t 1s
more preferable to let an upper limit value to be 0.38, and
0.37 1s even more preferable.

For conditional expression (3), it 1s more preferable to let
a lower limit value to be 0.20, and 0.22 1s even more
preferable, and 0.23 1s all the more preferable. Moreover, for
conditional expression (3), 1t 1s more prelferable to let an

upper limit value to be 0.45, and 0.31 1s even more prefer-
able.

For conditional expression (4), 1t 1s more preferable to let
a lower limit value to be 0.08, and 0.10 1s even more
preferable. Moreover, for conditional expression (4), 1t 1s
more preferable to let an upper limit value to be 0.21, and
0.20 1s even more preferable.

For conditional expression (5), it 1s more preferable to let
a lower limit value to be 23, and 28 1s even more preferable.
Moreover, for conditional expression (3), it 1s more prefer-
able to let an upper limit value to be 40, and 35 1s even more
preferable.

For conditional expression (6), 1t 1s more preferable to let
a lower limit value to be -0.057. Moreover, for conditional
expression (6), 1t 1s more preferable to let an upper limait
value to be -0.04.

For conditional expression (7), 1t 1s more preferable to let
a lower limit value to be 0.03, and 0.05 1s even more
preferable. Moreover, for conditional expression (7), 1t 1s
more preferable to let an upper limit value to be 0.071.

For conditional expression (8), 1t 1s more preferable to let
a lower limit value to be 0.03, and 0.05 1s even more
preferable, and 0.06 1s all the more preferable. Moreover, for
conditional expression (8), 1t 1s more preferable to let an
upper limit value to be 0.071.

EXAMPLES

Examples from an example 1 to example 5 of the zoom
lens according to the present immvention will be described
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below. FIG. 1A, FIG. 1B, and FIG. 1C are lens cross-
sectional views along an optical axis showing an optical
arrangement at the time of 1nfinite object point focusing of
a zoom lens according to the example 1 of the present
invention, where, FIG. 1A shows a state at a wide angle end.,
FI1G. 1B shows an intermediate state, and FIG. 1C shows a
state at a telephoto end. FIG. 2A, FIG. 2B, and FIG. 2C are
lens cross-sectional views along an optical axis showing an
optical arrangement at the time of infinite object point
focusing of a zoom lens according to the example 2 of the
present mvention, where, FIG. 2A shows a state at a wide
angle end, FIG. 2B shows an intermediate state, and FIG. 2C
shows a state at a telephoto end. FIG. 3A, FIG. 3B, and FIG.
3C are lens cross-sectional views along an optical axis
showing an optical arrangement at the time of infinite object
point focusing of a zoom lens according to the example 3 of
the present invention, where, FIG. 3A shows a state at a wide
angle end, FIG. 3B shows an intermediate state, and FIG. 3C

shows a state at a telephoto end. FIG. 4A, FIG. 4B, and FIG.
4C are lens cross-sectional views along an optical axis
showing an optical arrangement at the time of infinite object
point focusing of a zoom lens according to the example 4 of
the present invention, where, FIG. 4 A shows a state at a wide
angle end, FIG. 4B shows an intermediate state, and FIG. 4C
shows a state at a telephoto end. FIG. 5A, FIG. 5B, and FIG.
5C are lens cross-sectional views along an optical axis
showing an optical arrangement at the time of infinite object
point focusing of a zoom lens according to the example 5 of
the present invention, where, FIG. SA shows a state at a wide
angle end, FIG. 3B shows an intermediate state, and FIG. 5C
shows a state at a telephoto end. In diagrams from FIG. 1A
to FIG. 5C, a first lens unit 1s denoted by 1, a second lens
unit 1s denoted by G2, a third lens unit 1s denoted by G3, a
fourth lens unit 1s denoted by G4, a fifth lens unit 1s denoted
by G35, an aperture stop 1s denoted by S, a flat parallel plate
which forms a low-pass filter on which, a wavelength region
restricting coating which restricts infrared rays 1s applied 1s
denoted by F, a flat parallel plate of cover glass 1s denoted
by C, and an 1mage plane 1s denoted by 1. A multi-layer film
for restricting wavelength region may be applied to a surface
of the cover glass C. Moreover, an arrangement may be
made to impart an eflect of a low-pass filter to the cover
glass C.

Moreover, 1n each example, the aperture stop S moves
integrally with the third lens unit G3, toward the object side.
All numerical data 1s data in a state when focused at an
object at an infinite distance. A unit of length of each
numerical value 1s mm and a unit of angle 1s © (degrees).
Focusing 1n each example is to be carried out by moving a
fourth lens unit G4. Furthermore, zoom data are values at a
wide angle end (wide angle), 1n an intermediate focal length
state (1ntermediate), and at a telephoto end (telephoto).

A zoom lens according to the example 1, as shown 1n FIG.
1A, FIG. 1B, and FIG. 1C, includes 1n order from an object
side, a first lens unit G1 having a positive refractive power,
a second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive
refractive power, a fourth lens unit G4 having a negative
refractive power, and a fifth lens unit G5 having a positive
refractive power.

At the time of zooming from a wide angle end to a
telephoto end, the first lens unit G1 moves toward the object
side. The second lens unit G2 moves toward an 1mage side.
The third lens umit G3 moves toward the object side. The
fourth lens unit G4 moves toward the object side. The fifth
lens unit G5 moves toward the 1mage side.
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In order from the object side, the first lens umit G1
includes a negative meniscus lens L1 having a convex
surface directed toward the object side, a biconvex positive
lens L2, and a positive meniscus lens .3 having a convex
surface directed toward the object side. Here, the negative
meniscus lens L1 and the biconvex positive lens L2 are
cemented mutually. The second lens unit G2 includes a
negative meniscus lens .4 having a convex surface directed
toward the object side, a biconcave negative lens LS, and a
biconvex positive lens L6. The third lens unit G3 includes a
biconvex positive lens L7, a negative meniscus lens L8
having a convex surface directed toward the object side, and
a biconvex positive lens L9. Here, the negative meniscus
lens L8 and the biconvex positive lens L9 are cemented
mutually. The fourth lens unit G4 includes a biconcave
negative lens LL10. The fifth lens unit G5 includes a biconvex
positive lens L11.

An aspheric surface 1s provided to six surfaces namely,
both surfaces of the biconcave negative lens L5, both
surfaces of the biconvex positive lens L7, and both surfaces
of the biconvex positive lens L11.

A zoom lens according to the example 2, as shown 1n FIG.
2A, FIG. 2B, and FIG. 2C, includes 1n order from an object
side, a first lens umit G1 having a positive refractive power,
a second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive
refractive power, a fourth lens unit G4 having a negative
refractive power, and a fifth lens unit G5 having a positive
refractive power.

At the time of zooming from a wide angle end to a
telephoto end, the first lens unit G1 moves toward the object
side. The second lens unit G2 moves toward an 1mage side.
The third lens unmit G3 moves toward the object side. The
tourth lens unit G4 moves toward the object side. The fifth
lens umit G5 moves toward the 1mage side.

In order from the object side, the first lens umt G1
includes a negative meniscus lens L1 having a convex
surface directed toward the object side, a biconvex positive
lens L2, and a positive meniscus lens .3 having a convex
surface directed toward the object side. The second lens unit
(G2 1ncludes a negative meniscus lens .4 having a convex
surface directed toward the object side, a biconcave negative
lens LS, and a biconvex positive lens L.6. The third lens unit
(3 includes a biconvex positive lens L7, a biconvex positive
lens L8, a biconcave negative lens L9, and a biconvex
positive lens LL10. Here, the biconvex positive lens L8 and
the biconcave negative lens L9 are cemented mutually. The
fourth lens unit G4 includes a biconcave negative lens L11.
The fifth lens unit G5 includes a biconvex positive lens 1.12.

An aspheric surface 1s provided to five surfaces namely,
a surface on the object side of the biconcave negative lens
L5, a surface on the image side of the biconvex positive lens
.6, both surfaces of the biconvex positive lens L7, and a
surface on the image side of the biconvex positive lens L12.

A zoom lens according to the example 3, as shown 1n FIG.
3A, FIG. 3B, and FIG. 3C, includes 1n order from an object
side, a first lens unmit G1 having a positive refractive power,
a second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive
refractive power, a fourth lens unit G4 having a negative
refractive power, and a fifth lens unit G5 having a positive
refractive power.

At the time of zooming from a wide angle end to a
telephoto end, the first lens unit G1 moves toward the object
side. The second lens unit G2 moves toward an 1image side.
The third lens umit G3 moves toward the object side. The
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fourth lens unit G4 moves toward the object side. The fifth
lens unit G5 moves toward the 1mage side.

In order from the object side, the first lens unmt Gl
includes a negative meniscus lens L1 having a convex
surface directed toward the object side, a planoconvex
positive lens .2 having a convex surface directed toward the
object side, and a positive meniscus lens .3 having a convex
surface directed toward the object side. Here, the negative
meniscus lens L1 and the planoconvex positive lens L2 are
cemented mutually. The second lens unit G2 includes a
negative meniscus lens .4 having a convex surface directed
toward the object side, a biconcave negative lens LS, and a
biconvex positive lens L6. The third lens unit G3 includes a
biconvex positive lens L7, a negative meniscus lens L8
having a convex surface directed toward the object side, and
a biconvex positive lens L9. Here, the negative meniscus
lens L8 and the biconvex positive lens L9 are cemented
mutually. The fourth lens unit G4 includes a biconcave
negative lens L.10. The fifth lens unit G5 includes a biconvex
positive lens L11.

An aspheric surface 1s provided to six surfaces namely,
both surfaces of the biconcave negative lens LS5, both
surfaces of the biconvex positive lens L7, and both surfaces
of the biconvex positive lens L11.

A zoom lens according to the example 4, as shown 1n FIG.
4A, FIG. 4B, and FIG. 4C, includes 1n order from an object
side, a first lens unit G1 having a positive refractive power,
a second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive
refractive power, a fourth lens unit G4 having a negative
refractive power, and a fifth lens unit G5 having a positive
refractive power.

At the time of zooming from a wide angle end to a
telephoto end, the first lens unit G1 moves toward the object
side. The second lens unit G2 moves toward an 1mage side.
The third lens umit G3 moves toward the object side. The
fourth lens unit G4 moves toward the object side. The fifth
lens unit G5 moves toward the 1mage side.

In order from the object side, the first lens unmit Gl
includes a negative meniscus lens L1 having a convex
surface directed toward the object side, a biconvex positive
lens L2, and a positive meniscus lens .3 having a convex
surface directed toward the object side. Here, the negative
meniscus lens L1 and the biconvex positive lens L2 are
cemented mutually. The second lens unit G2 includes a
negative meniscus lens .4 having a convex surface directed
toward the object side, a biconcave negative lens LS, and a
biconvex positive lens L6. The third lens unit G3 includes a
biconvex positive lens L7, a negative meniscus lens L8
having a convex surface directed toward the object side, and
a biconvex positive lens L9. Here, the negative meniscus
lens L8 and the biconvex positive lens L9 are cemented
mutually. The fourth lens unit G4 includes a biconcave
negative lens L10. The fifth lens unit G5 includes a biconvex
positive lens L11.

An aspheric surface 1s provided to six surfaces namely,
both surfaces of the biconcave negative lens LS, both
surfaces of the biconvex positive lens L7, and both surfaces
of the biconvex positive lens L11.

A zoom lens according to the example 3, as shown 1n FIG.
5A, FI1G. 3B, and FIG. 5C, includes 1n order from an object
side, a first lens umt G1 having a positive refractive power,
a second lens unit G2 having a negative refractive power, an
aperture stop S, a third lens unit G3 having a positive
refractive power, a fourth lens unit G4 having a negative
refractive power, and a fifth lens unit G5 having a positive
refractive power.
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At the time of zooming from a wide angle end to a
telephoto end, the first lens unit G1 moves toward the object
side. The second lens unit G2 moves toward an 1image side.

The third lens unmit G3 moves toward the object side. The

fourth lens umit G4, after moving toward the image side,
moves toward the object side. The fifth lens umit GS moves
toward the 1image side.

In order from the object side, the first lens umt Gl

includes a negative meniscus lens L1 having a convex

surface directed toward the object side, a positive meniscus
lens 1.2 having a convex surface directed toward the object
side, and a positive meniscus lens 1.3 having a convex
surface directed toward the object side. The second lens unit
(G2 includes a negative meniscus lens L4 having a convex
surface directed toward the object side, a biconcave negative

lens L5, and a biconvex positive lens 6. The third lens unit

(3 includes a biconvex positive lens L7, a negative menis-

cus lens L8 having a convex surface directed toward the

object side, and a biconvex positive lens L9. Here, the
negative meniscus lens L8 and the biconvex positive lens 19
are cemented mutually. The fourth lens unit G4 1ncludes a
biconcave negative lens 1.10. The fifth lens unit G5 includes
a biconvex positive lens L11.

An aspheric surface 1s provided to six surfaces namely,

both surfaces of the biconcave negative lens L5, both

surfaces of the biconvex positive lens L7, and both surfaces
of the biconvex positive lens L11.
Numerical data of each embodiment described above 1s

shown below. Apart from symbols described above, 1b

denotes a back focus, 11, 12, . . . denotes a focal length of
each lens unit, FNO denotes an F number, o denotes a half
image angle, WE denotes a wide angle end, ST denotes an
intermediate state, TE denotes a telephoto end, r denotes
radius of curvature of each lens surface, d denotes a distance
between two lenses, nd denotes a refractive index of each

lens for a d-line, and vd denotes an Abbe’s number for each
lens. The overall length of the lens system which will be
described later 1s a length which 1s obtained by adding the

back focus to a distance from the first lens surface up to the
last lens surface. tb (back focus) 1s a unit which 1s expressed
upon air conversion of a distance from the last lens surface
up to a paraxial image plane.

A shape of the aspheric surface 1s described by the
following expression (1) using each aspherical surface coet-
ficient 1n each embodiment, when Z 1s let to be an optical
ax1is 1n which a light passing direction 1s let to be a positive
direction, and Y 1s let to be a direction orthogonal to the
optical axis.

Z=(Y/r)[1+{1-(K+ DY) 21 g, Ve d Yo+ A . Yo+
AyoY” (1)

where, r denotes a paraxial radius of curvature, K denotes
a conical coetlicient, A, A, A,, and A, denote aspherical
surface coeflicients of a fourth order, a sixth order, an eight
order, a tenth order, and a twelith order respectively. More-
over, 1n the aspherical surface coeflicients, ‘e-n’ (where, n 1s
an integral number) indicates 107",
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EXAMPLE 1

unit mm

Surface data

Surface No r d nd vd
Object plane 0 e
1 38.551 0.80 1.91082  35.25
2 22.771 3.30 1.49700 &1.54
3 —313.298 0.10
4 20.122 2.42 1.49700 &1.54
5 70.096 Variable
6 200.000 0.30 1.91082  35.25
7 6.188 2.85
R -10.241 0.40 1.74320 49.34
Q% 18.541 0.10
10 13.845 1.55 1.94595 17.9%
11 -54.863 Variable
12(stop) e 0.66
13% 7.931 2.14 1.58313  59.3%
14% -20.215 1.83
15 439.840 0.40 1.91082  35.25
16 6.873 2.15 1.49700 &1.54
17 —-&8.668 Variable
18 -16.437 0.50 1.53110 55.91
19 15.006 Variable
20% 241.479 2.15 1.53110 55.91
21% -8.401 Variable
22 0 0.30 1.51633 64.14
23 0 0.40
24 0 0.50 1.51633 64.14
25 0 0.53
Image plane e
(Image pickup surface)
Aspherical surface data
8th surface
K = 0.000
A4 = 3.07582e-04, A6 = 7.40085e-07, A8 = -2.43096e-07
Oth surface
K = 0.000
A4 = 3.13493e-04, A6 = -6.29781e-06
13th surface
K = 0.000
A4 = -1.86188e-04, A6 = 1.33104e-06, AR = —6.54846e-08,
Al10 = 1.60686e-09
14th surface
K = 0.000
A4 = 4.20720e-04, A6 = -4.71232e-07
20th surface
K = 0.000
Ad = -4.57271e-04
21th surface
K = 0.000
Ad = 2.57842e-05, A6 = 2.01462e-06, A8 = —3.08194e-08
Zoom data
WE ST TE
Focal length 4.55 23.21 131.12
Fno. 2.87 4.96 6.70
Angle of field 2w 90.10 18.16 3.38
tb (in air) 7.62 5.80 2.44
Lens total length (in air) 54.77 70.02 78.15
d5 0.30 15.18 27.32
d1l 18.77 7.44 0.54
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-continued
unit mm
d17 3.28 8.14 R.78
d19 3.16 11.81 17.42
d21 6.17 4.34 0.98
Unit focal length
f1 =40.41 2 = =5.79 f3 = 10.62 f4 = -14.69 f5 = 15.33
EXAMPLE 2
unit mm
Surface data
Surface No r d nd vd
Object plane e e
1 33.567 0.80 1.90366 31.32
2 22.034 0.10
3 21.741 3.27 1.49700 81.54
4 —-192.340 0.10
5 20.250 2.12 1.49700 81.54
6 59.103 Variable
7 58.251 0.40 2.00100 29.13
8 7.218 2.61
O* —8.657 0.50 1.72903 54.04
10 14.174 0.10
11 12.028 1.54 2.10300 18.05
12% —439_ 898 Variable
13(stop) e 1.00
14% 5.858 2.23 1.59201 67.02
15% -23.759 0.21
16 12.131 1.65 1.57135 52.95
17 —-22.447 0.30 1.91082 35.25
18 4.526 0.14
19 4919 1.96 1.53110 55.91
20 -9.008 Variable
21 -39.250 0.40 1.72916 54.68
22 6.719 Variable
23 106.839 2.00 1.72903 54.04
24% —11.187 Variable
25 00 0.30 1.51633 64.14
26 0 0.40
27 00 0.50 1.51633 64.14
28 0 0.53
Image plane e

(Image pickup surface)

Aspherical surface data

Oth surface

K = 0.000

Ad = 1.57145e-04, A6 =4.11375e-06

12th surface

K = 0.000

Ad = 1.76543e-04, A6 = 2.42062e-06

14th surface

K = 0.000

Ad = -3.04061e-04, A6 = 2.75626e-06

15th surface

K = 0.000

Ad = 6.78578e-04, A6 = 2.81900e-06

24th surface

K = 0.000

Ad = 2.19744e-04, Ab = -2.04406e-00
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16
-continued
unit mm
Zoom data
WE ST TE
Focal length 4.55 21.86 104.86
Fno. 3.03 5.09 6.64
Angle of field 2w 87.86 19.20 4.16
fb (in air) 6.25 4.53 2.45
Lens total length (in air) 50.16 56.33 65.72
d6 0.25 11.03 22.62
d12 18.54 5.70 0.10
d20 1.92 5.00 4.45
d22 1.77 8.63 14.67
d24 4.83 3.05 1.00
Unit focal length
f1 = 36.27 2 = -5.90 f3 =8.18 f4 = -7.84 5 = 13.99
EXAMPLE 3
unit mm
Surface data
Surface No r d nd vd
Object plane e 0
1 31.456 0.70 1.91082 35.25
2 18.784 2.56 1.49700 81.54
3 0 0.15
4 17.827 2.11 1.49700 81.54
5 83.811 Variable
6 200.000 0.30 1.83481 42.71
7 5.069 2.80
8* -9.371 0.40 1.74156 49.21
Q% 23.371 0.10
10 15.463 1.25 1.94595 17.98
11 -50.853 Variable
12(stop) 0 0.66
13% 6.841 1.87 1.58313 59.38
14% —-14.028 1.55
15 108.155 0.40 1.91082 35.25
16 5.565 2.01 1.49700 81.54
17 —-8.603 Variable
18 -23.868 0.50 1.53110 55.91
19 10.707 Variable
20% 5407.914 1.90 1.53110 55.91
21°% —R.677 Variable
22 0 0.30 1.51633 64.14
23 0 0.40
24 0 0.50 1.51633 64.14
25 0 0.53
Image plane e

(Image pickup surface)

Kth surface

Aspherical surface data

K = 0.000

Ad = 4.01038e-04, A6 = —8.36025e-006, AR = -4.92569e-07

Oth surface

K = 0.000

Ad = 2.35077e-04, A6 = —1.57539e-05

13th surface

K = 0.000

Ad = -4.86266e-04, A6 = 5.75719e-06, A8 = —1.27642e-06
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unit mimn

14th surface
K = 0.000
A4 =4.56002e-04, A6 = 1.29630e-06, A8 = —-1.18507e-06
20th surface
K = 0.000
A4 =-291616e-04
21th surface
K = 0.000

Ad = 1.80978e-04, A6 = —-3.29481e-09, AR = —1.02926e-08

Zoom data
WE ST TE
Focal length 4.41 20.82 101.70
Fno. 3.20 5.35 6.90
Angle of field 2w 91.70 20.12 4.32
tb (in air) 7.33 5.52 2.57
Lens total length (in air) 4%8.41 59.46 67.90
ds 0.31 11.93 22.70
dll 15.60 5.53 0.54
d17 1.47 6.12 6.33
d19 4.45 11.10 16.51
d21 5.87 4.06 1.10
Unit focal length
f1 = 34.64 2 = -5.07 f3 = 8.99 f4 = -13.85 f5 = 16.31
EXAMPLE 4
unit mm
Surface data
Surface No r d nd vd
Object plane e 0
1 33.993 0.70 1.91082 35.25
2 20.432 2.55 1.49700 81.54
3 -1195.431 0.15
4 19.471 2.10 1.49700 81.54
5 96.944 Variable
6 51750.697 0.32 1.91082 35.25
7 6.034 2.70
R* -10.572 0.40 1.74156 49.21
O* 18.207 0.10
10 14.599 1.45 1.94595 17.98
11 -42.442 Variable
12(stop) e 0.66
13% 6.123 1.87 1.58313 59.38
14% -17.594 1.25
15 281.206 0.40 1.91082 35.25
16 4.500 2.10 1.58313 59.38
17 -12.416 Variable
18 -30.599 0.40 1.53110 55.91
19 8.315 Variable
20% 5060.788 2.05 1.53110 55.91
21% -8.850 Variable
22 0 0.30 1.51633 64.14
23 00 0.40
24 0 0.50 1.51633 64.14
25 00 0.53
Image plane e

(Image pickup surface)
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18

-continued

unit mm

Aspherical surface data

K = 0.000

Ad = 0.95097e-05, A6 = 2.13361e-06

Oth surface

K = 0.000

Ad = 1.32456e-06, A6 = 2.15510e-06

13th surface

K = 0.000

Ad = -3.46827e-04, A6 = -2.72804e-06, AR = —5.85149e-09

14th surface

K = 0.000

Ad = 4.71774e-04, A6 = -4.72805e-06, A8 = 1.84083e-07

20th surface

K = 0.000

Ad = -2.64793e-04

21th surface

K = 0.000

Ad = 1.05141e-04, A6 = 1.89001e-07, A8 = —=6.95062e-09

Zoom data
WE ST TE
Focal length 4.62 23.76 132.20
EFno. 3.36 5.49 7.44
Angle of field 2w 89.90 19.80 3.36
fb (in air) 7.16 5.70 1.85
Lens total length (in air) 55.30 63.33 71.16
d5 0.31 13.29 24.64
d1l 20.93 7.05 0.54
d17 2.07 6.88 6.31
d19 5.64 11.22 18.63
d21 5.71 4.25 0.38
Unit focal length
fl =36.60 12 =-5.70 f3 = 9.61 f4 = -12.27 f5 = 16.64
EXAMPLE 3
unit mm
Surface data
Surface No I d nd vd
Object plane e 0
1 26.783 0.90 1.63493  23.90
2 16.925 0.90
3 28.000 1.80 1.53110  55.91
4 84.566 0.15
5 15.407 2.50 1.49700 81.54
6 338.274 Variable
7 12168.970 0.30 1.83481 42.71
8 5.368 2.60
9% -11.502 0.40 1.74156 49.21
10* 20.854 0.10
11 12.658 1.25 1.94595  17.98
12 —-178.364 Variable
13(stop) e 0.66
14* 6.126 1.87 1.58313 59.3%
15% -25.571 1.30
16 37.078 0.40 1.91082  35.25
17 4.697 2.31 1.48749  70.23
18 -12.414 Variable
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-continued
unit mm
19 -18.971 0.50 1.53110  55.91
20 17.585 Variable
21% 157.227 1.90 1.53110  55.91
22% -9.000 Variable
23 e 0.30 1.51633 64.14
24 ¢ 0.40
25 e 0.50 1.51633 64.14
26 e 0.53
Image plane e
(Image pickup surface)
Aspherical surface data
9th surface
K = 0.000
A4 =7.14419e-04, A6 = -9.92786e-06, A8 = -9.58646e-08
10th surface
K = 0.000
A4 = 6.15831e-04, A6 = -1.93202e-05
14th surface
K = 0.000
A4 = -3.75974e-04, A6 = 8.77096e-07, A8 = -5.33360e-07,
Al0 = -1.13725e-08
15th surface
K = 0.000
A4 = 3.00622e-04, A6 = 5.43055¢-07, AR = -5.32866e-07
21th surface
K = 0.000
A4 = -5.97082e-04
22th surface
K = 0.000
A4 = -2.46536e-04, A6 = 3.88957e-06, A8 = -9.51803e-08
Zoom data
WE ST TE
Focal length 4.49 21.05 103.77
Fno. 2.89 5.00 7.02
Angle of field 2w 90.32 20.20 4.24
fb (1n air) 9.15 542 2.45
Lens total length (in air) 52.51 60.73 69.74
d6 0.31 10.56 20.81
d12 18.50 6.71 0.54
d1¥ 2.11 12.44 15.55
d20 2.61 5.76 10.55
d22 7.69 3.96 0.99
Unit focal length
fl =33.30 f2=-562 {3=10.73 f4 = -17.10 f5 = 16.09

FIGS. 6 A to 6L, 7TAto 7L, 8A to 8L, 9A to 9L, and 10A
to 10L respectively show aberrations of the zoom lenses
according to the first to fifth examples in the state 1n which
the zoom lenses are focused on an object point at infinity.
FIGS. 6A to 6L are aberration diagrams of the zoom lens

according to the first example 1n the state 1n which the zoom
lens 1s focused on an object point at infinity. FIGS. 6A, 6B,
6C, and 6D respectively show spherical aberration (SA),
astigmatism (AS), distortion (D), and chromatic aberration
of magmification (CC) at the wide angle end. FIGS. 6E, 6F,
6G, and 6H respectively show spherical aberration, astig-
matism, distortion, and chromatic aberration of magnifica-
tion of the zoom lens 1n the mtermediate focal length state.
FIGS. 61, 6], 6K, and 6L respectively show spherical aber-
ration, astigmatism, distortion, and chromatic aberration of
magnification of the zoom lens at the telephoto end. FIGS.
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7A to 7L are aberration diagrams of the zoom lens according
to the second example in the state 1n which the zoom lens 1s

focused on an object point at infinity. FIGS. 7A, 7B, 7C, and

7D respectively show spherical aberration, astigmatism,
distortion, and chromatic aberration of magnification of the
zoom lens at the wide angle end. FIGS. 7E, 7F, 7G, and 7TH
respectively show spherical aberration, astigmatism, distor-
tion, and chromatic aberration of magnification of the zoom
lens 1n the intermediate focal length state. FIGS. 71, 7], 7K,
and 7L respectively show spherical aberration, astigmatism,
distortion, and chromatic aberration of magnification of the
zoom lens at the telephoto end. FIGS. 8A to 8L are aberra-
tion diagrams ol the zoom lens according to the third
example 1n the state 1n which the zoom lens 1s focused on an
object point at infimty. FIGS. 8A, 8B, 8C, and 8D respec-
tively show spherical aberration, astigmatism, distortion,
and chromatic aberration of magnification of the zoom lens
at the wide angle end. FIGS. 8E, 8F, 8G, and 8H respectively
show spherical aberration, astigmatism, distortion, and chro-
matic aberration of magnification of the zoom lens 1n the
intermediate focal length state. FIGS. 81, 8], 8K, and 8L
respectively show spherical aberration, astigmatism, distor-
tion, and chromatic aberration of magnification of the zoom
lens at the telephoto end. FIGS. 9A to 9L are aberration
diagrams of the zoom lens according to the fourth example
in the state 1n which the zoom lens i1s focused on an object
pomnt at mfinity. FIGS. 9A, 9B, 9C, and 9D respectively
show spherical aberration, astigmatism, distortion, and chro-
matic aberration of magnification of the zoom lens at the
wide angle end. FIGS. 9E, 9F, 9G, and 9H respectively show
spherical aberration, astigmatism, distortion, and chromatic
aberration of magnification of the zoom lens in the inter-
mediate focal length state. FIGS. 91, 9], 9K, and 9L respec-
tively show spherical aberration, astigmatism, distortion,
and chromatic aberration of magnification of the zoom lens
at the telephoto end. FIGS. 10A to 10L are aberration
diagrams of the zoom lens according to the fifth example 1n
the state 1n which the zoom lens 1s focused on an object point
at infimity. FIGS. 10A, 10B, 10C, and 10D respectively show
spherical aberration, astigmatism, distortion, and chromatic
aberration of magnification of the zoom lens at the wide
angle end. FIGS. 10E, 10F, 10G, and 10H respectively show
spherical aberration, astigmatism, distortion, and chromatic
aberration of magnification of the zoom lens 1n the inter-
mediate focal length state. FIGS. 101, 10J, 10K, and 10L
respectively show spherical aberration, astigmatism, distor-
tion, and chromatic aberration of magnification of the zoom
lens at the telephoto end. In aberration diagrams, co repre-
sents the half angle of view.

Next, parameter and values of conditional expressions 1n

each embodiments are described.

Conditional Exam- Exam- Exam- Exam- Exam-
eXpressions plel ple2 ple3 pled ple5

(1) 3.304 3.061 3.026 3.708 3.218
(2) 0.295 0.303 0.34 0.271 0.364
(3) 0.248 0.296 0.239 0.302 0.274
(4) 0.178 0.148 0.192 0.12 0.166
(5), (5-1), (5-2) 28 818 23.042 23.067 28.615 23.107
(6) -0.044 —-0.056 —-0.05 -0.043 -0.054
(7) Dgieooz at WE 0.066 0.055 0.07 0.067 0.069
(8) Do at WE 0.066 — — 0.067 —

f, 131.117 104.859 101.699 132.200 103.767
Dy 4 39.679 34.259 33.612 35.651 32.251
D ez 38.743 31.741 34.557 35.772 37.75%8
Do a3 19.430 19.540 16.260 21.590 19.160
Dz 78.422 66.000 68.169 71.423 70.009
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Conditional Exam- Exam- Exam- Exam- Exam-
EXPIressions plel ple2 ple3 pled ple3
Deairss 55.046 50.464 48.680 55,571 52.776
f, 4.550 4.551 4.409 4.620 4.491
fen —-5.792 —-5.904 -5.074 -5.697 -=-5.619
Deaiaoos at WE 0.300 0.250 0.310 0.310 0.310
Deiagoog at WE 0.300 — — 0.310 —

(Digital Camera)

The mmage pickup apparatus according to the present
invention that forms an 1image of an object by a zoom lens
and picks up the image by receiving it by an electronic
image pickup element such as a CCD can be applied to an
clectronic 1mage pickup apparatus, 1n particular to a digital
camera or a video camera. In the following, an embodiment
of the electronic 1image pickup apparatus will be described.

FIG. 11A and FIG. 11B are cross-sectional views of a
digital camera in which, the zoom lens according to the
present invention 1s installed, where, FIG. 11A 1s a cross-
sectional view when collapsed to accommodate, and FIG.
11B is a cross-sectional view at the wide angle end.

At the time of collapsing to accommodate the zoom lens,
the first lens unit G1 moves along a direction D1, the second
lens unit G2 moves along a direction D2, the fourth lens unit
G4 moves along a direction D4, and the fifth lens unit GS
moves along a direction DS, thus each of the lens umts G1,
G2, G4, and G5 moving toward the image pickup element
(toward the image plane 1) along the respective optical axis.
The third lens unit G3 and the aperture stop S are withdrawn
from an optical axis AX of the other lens units, and are
collapsed into a body 51 upon undergoing decentered move-
ment along a direction D3. Accordingly, the zoom lens
becomes a zoom lens with a high zoom ratio 1n which,
small-sizing of radius of the first lens unit G1 1s made
possible.

A lens barrier section 60 in which, a lens barrel 52 i1s
built-in 1s disposed at a front side (object side) of the first
lens umt G1.

The lens barrier section 60 i1ncludes a fixed portion 61
which 1s fixed to the lens barrel 52, and movable portions 62
and 63 which are movable 1n a planar direction orthogonal
to the optical axis AX, as a plurality of barrier members. The
movable portions 62 and 63, when the zoom lens 1s not in
use, move toward an inner side of the fixed portion 61
shutting the optical path, and when the zoom lens 1s 1n use,
are retracted away from an eflective optical path.

As an example of a concrete arrangement of the lens
barrier section 60, a barrier described 1n Japanese Patent
Application Laid-open Publication No. 2012-203135 by the
applicant of the present patent application, can be used.

In the zoom lens according to the present invention, an
clectrical distortion correction 1s carried out for each of RGB
(red, green, and blue), and the distortion and the chromatic
aberration of magnification are corrected electrically.

FIG. 12 and FIG. 13 are conceptual diagrams of an
arrangement of an 1mage pickup apparatus according to the
present mvention in which, the zoom lens 1s 1nstalled 1n an
image pickup optical system 41. FIG. 12 1s a front perspec-
tive view showing an appearance ol a digital camera 40 as
the image pickup apparatus, and FIG. 13 1s a rear perspective
view showing an appearance of the digital camera 40.

The digital camera 40 of this embodiment includes the
image pickup optical system 41 positioned on an optical
path for photography 42, a shutter button 45, and a liquid-
crystal display monitor 47. As the shutter button 45 disposed
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on an upper portion of the digital camera 40 1s pressed, 1n
conjunction with the pressing of the shutter button 45,
photography 1s carried out by the image pickup optical
system 41, by capturing through the zoom lens of the
example 1 for instance. An object image formed by the
image pickup optical system 41 1s formed on an image
pickup element (opto-electric conversion surface) which 1s
provided near an image forming surface. The object image
received by the image pickup element 1s displayed on the
liquid-crystal display monitor 47 provided on a rear surface
of the digital camera, as an electronic 1mage by a processing
unit. Moreover, it 1s possible to record the electronic 1image
captured, 1n a recording unit.

(Internal Circuit Structure)

FIG. 14 1s a block diagram showing an internal circuit of
main components of the digital camera 40. In the following
description, the processing unit mentioned above includes
components such as CDS/ADC section 24, a temporary
storage memory section 17, and an 1mage processing section
18. A storage umit includes a storage medium

As shown 1n FIG. 14, the digital camera 40 includes an
operating section 12, a control section 13 which 1s connected
to the operating section 12, an imaging drive circuit 16
which 1s connected to a control-signal output port of the
control section 13 wvia buses 14 and 15, the temporary
storage memory section 17, the image processing section 18,
a storage medium section 19, a display section 20, and a
set-information storage memory section 21.

The temporary storage memory section 17, the image
processing section 18, the storage medium section 19, the
display section 20, and the set-information storage memory
section 21 are capable of inputting and outputting data
mutually via a bus 22. Moreover, a CCD 49 and the
CDS/ADC section 24 are connected to the imaging drive
circuit 16.

The operating section 12 includes various input buttons
and switches, and imparts event information put from
outside (user of camera) via the input buttons and switches
to the control section 13. The control section 13 is a central
arithmetic processing unit such as a CPU with a built-in
program memory which 1s not shown in the diagram, and
controls the overall digital camera according to a computer
program which has been stored in the computer program
memory.

The CCD 49 1s an 1image pickup element which 1s driven
and controlled by the imaging drive circuit 16, and which
converts an amount of light for each pixel of the object
image which has been formed through the image pickup
optical system 41 to an electric signal, and outputs to the

CDS/ADC section 24.

The CDS/ADC section 24 1s a circuit which amplifies the
clectric signal mput from the CCD 49, and also carries out
analog-to-digital conversion, and outputs image raw-data
only for the amplification and digital conversion carried out
(bayer data, hereinafter called as ‘RAW data’).

The temporary storage memory section 17 1s a builer such
as a SDRAM, and 1s a memory unit which temporarily stores
the RAW data output put from the CDS/ADC section 24.
The 1mage processing section 18 1s a circuit which reads the
RAW data which has been stored in the temporary storage
memory section 17 or the RAW data which has been stored
in the storage medium section 19, and carries out electri-
cally, various 1mage processing including a distortion cor-
rection based on 1image-quality parameters which have been
specified by the control section 13.

The recording medium section 19 1n which, a recording
medium 1n the form of a stick or a card with a flash memory
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1s detachably mounted, records and maintains the RAW data
which 1s transferred from the temporary storage memory
section 17 and image data which has been subjected to
image processing in the image processing section 18.

The display section 20 includes the liquid-crystal display
monitor 47 and displays operation menu, 1mage data, and
RAW data captured. The set-information storage memory
section 21 1s provided with a ROM section 1n which various
image-quality parameters are stored 1n advance, and a RAM
section which stores the image-quality parameters which
have been read from the ROM section by an input and output
operation of the operating section 12.

As 1t has been described above, the zoom lens and the
image pickup apparatus using the same according to the
present invention are useful for securing a high zoom ratio
ol a zoom lens, for securing an optical performance, and for
small-sizing of a zoom lens.

The zoom lens and the 1mage pickup apparatus using the
same according to the present mnvention show an effect that
the zoom lens and the 1mage pickup apparatus are useful for
securing a high zoom ratio of a zoom lens, for securing an
optical performance, and for small-sizing of a zoom lens.

What 1s claimed 1s:
1. A zoom lens comprising 1n order from an object side to
an 1mage side:

a first lens umt having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a fourth lens unit having a negative refractive power;

an 1mage-side lens unit having a positive refractive
power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens unit and
the second lens unit widens, a distance between the
second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
umt changes, and

the following conditional expressions (4-1) and (5) are
satisfied:

0.05<(Dg 1D 1) f=0.192 (4-1)

20<f/f., <50 (5)

where D, 1., denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,

D, s, denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the 1image, at the wide angle
end,

. denotes a focal length of the overall zoom lens system
at the telephoto end, and

f  denotes a focal length of the overall zoom lens system
at the wide angle end, wherein

the number of lens elements 1n the first lens unit 1s three,

the following conditional expression (6) 1s satisfied

~0.06<f,/f<—0.03 (6)

where 1., denotes a focal length of the second lens unit.
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2. The zoom lens according to claim 1, wherein

the first lens unit includes, 1n order from an object side to
an 1mage side, a cemented lens includes a negative lens
and a positive lenses, and a positive lens.

3. The zoom lens according to claim 1, wherein

the following conditional expression (2) 1s satisfied

0.2<D 46514/1,0.40 (2)

where D , .., denotes a distance on the optical axis from
the aperture stop up to an image, at the telephoto end.

4. A zoom lens comprising in order from an object side to

an 1mage side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a Tourth lens unit having a negative refractive power;

an 1mage-side lens unit having a positive refractive
power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens unit and
the second lens unit widens, a distance between the
second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
unit changes, and

the following conditional expressions (4-1) and (35) are
satisfied:

0.05<WD61meL e 1ap,)=0.192 (4-1)

20<f/f.,<50 (5)

where D, ,, . denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,

D s, denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the 1image, at the wide angle
end,

f, denotes a focal length of the overall zoom lens system
at the telephoto end, and

f  denotes a focal length of the overall zoom lens system
at the wide angle end, wherein

the number of lens elements 1n the second lens unit 1s

three,
the following conditional expression (6) 1s satisfied

~0.06<f,/f<—0.03 (6)

where 1, denotes a focal length of the second lens unait.

5. The zoom lens according to claim 4, wherein

the second lens unit includes, 1n order from an object side
to an 1mage side, a negative lens, a negative lens and a
positive lenses.

6. The zoom lens according to claim 4, wherein

the following conditional expression (2) 1s satisfied

(2)

where D .., .. denotes a distance on the optical axis from
the aperture stop up to an image, at the telephoto end.

7. A zoom lens comprising in order from an object side to

an 1mage side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a fourth lens unit having a negative refractive power;

0.2<D o/ f,<0.40
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an 1mage-side lens unit having a positive refractive
power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens unit and
the second lens unit widens, a distance between the
second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
umt changes, and

the following conditional expressions (4-1) and (5) are
satisfied:

0.05<WDe 116D 1ann)f=0-192 (4-1)

20<//£,,<50 (5)

where D, .., denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,

D, s, denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the image, at the wide angle
end,

. denotes a focal length of the overall zoom lens system
at the telephoto end, and

t ~denotes a focal length of the overall zoom lens system
at the wide angle end, wherein

the number of lens elements 1n the third lens unit 1s three,

the following conditional expression (6) 1s satisfied

~0.06<f ,/f<~0.03 (6)

where 1., denotes a focal length of the second lens unit.

8. The zoom lens according to claim 7, wherein

the third lens unit includes, 1 order from an object side
to an 1mage side, a positive lens, a negative lens and a
positive lenses.

9. The zoom lens according to claim 7, wherein

the following conditional expression (2) 1s satisfied

0.2<D 4omz/1,<0.40 (2)

where D , ..., denotes a distance on the optical axis from
the aperture stop up to an 1image, at the telephoto end.

10. A zoom lens comprising 1n order from an object side

an 1mage side:

a first lens umt having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a fourth lens unit having a negative refractive power;

an 1mage-side lens unit having a positive refractive
power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens unit and
the second lens unit widens, a distance between the
second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
umt changes, and
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the following conditional expressions (4-1) and (5) are
satisfied:

0.05<Dg 1D e )f=0.192 (4-1)

20<f/1,,<50 (5)

where D, ,,, denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,

D, s, denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the 1image, at the wide angle
end,

t, denotes a focal length of the overall zoom lens system
at the telephoto end, and

f  denotes a focal length of the overall zoom lens system
at the wide angle end, wherein

the number of lens elements 1n the first lens unit 1s three,

the number of lens elements 1 the second lens unit 1s
three,

the number of lens elements 1n the third lens unit is three,

the following conditional expression (6) 1s satisfied

~0.06<f,/f<—0.03 (6)

where 1, denotes a focal length of the second lens unit,

the lens component 1s a lens of which, only two surfaces
namely, an object-side surface and an 1image-side sur-
face make a contact with air, in an optical path.

11. The zoom lens according to claim 10, wherein

the fourth lens unit consists of one lens component, and

the lens component 1s a lens of which, only two surfaces
namely, an object-side surface and an 1image-side sur-
face make a contact with air, in an optical path.

12. The zoom lens according to claim 10, wherein

the 1mage-side lens unit consists of one lens component,
and

the lens component 1s a lens of which, only two surfaces
namely, an object-side surface and an image-side sur-
face make a contact with air, in an optical path.

13. The zoom lens according to claim 10, wherein

the fourth lens unit consists of one lens component,

the 1mage-side lens unit includes one lens component, and

the lens component 1s a lens of which, only two surfaces
namely, an object-side surface and an image-side sur-
face make a contact with air, in an optical path.

14. The zoom lens according to claim 13, wherein

the following conditional expression (2) 1s satisfied

0.2<D ;c;,/f<0.40 (2)

where D , .., .. denotes a distance on the optical axis from
the aperture stop up to an image, at the telephoto end.
15. A zoom lens comprising 1n order from an object side

to an 1mage side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a fourth lens unit having a negative refractive power;

an 1mage-side lens unit having a positive refractive
power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens umit and
the second lens unit widens, a distance between the
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second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
umt changes, and

the following conditional expressions (4) and (5) are
satisfied:

0.05<(Dg1mr—De1ann)f<0.22 (4)

20<f /1., <50 (5)

where D, 1., denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,

D, s, denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the 1image, at the wide angle
end,

. denotes a focal length of the overall zoom lens system
at the telephoto end, and

t  denotes a focal length of the overall zoom lens system
at the wide angle end, wherein

the following conditional expression (2) 1s satisfied

0.2<D ,cpng/f<0.40 (2)

where D , ..., denotes a distance on the optical axis from
the aperture stop up to an 1mage, at the telephoto end.

16. A zoom lens comprising in order from an object side

an 1mage side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a fourth lens unit having a negative refractive power;

an 1mage-side lens unit having a positive refractive
power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens unit and
the second lens unit widens, a distance between the
second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
umt changes, and

the following conditional expressions (4) and (5-1) are
satisfied:

1o

0.05<(D g 11aeL G 1apn) f<0.22 (4)

23.067<f/f, <50 (5-1)

where D, .., denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,

D, s, denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the 1image, at the wide angle
end,

t. denotes a focal length of the overall zoom lens system
at the telephoto end, and

f ~denotes a focal length of the overall zoom lens system
at the wide angle end, wherein

the number of lens elements 1n the first lens unit 1s three,

the following conditional expression (6) 1s satisfied

~0.06<f,/f<—0.03 (6)

where 1., denotes a focal length of the second lens unit.
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17. The zoom lens according to claim 16, wherein

the first lens unit includes, 1n order from an object side to
an 1mage side, a cemented lens includes a negative lens
and a positive lenses, and a positive lens.

18. The zoom lens according to claim 16, wherein

the following conditional expression (2) 1s satisfied

0.2<D 46514/1,0.40 (2)

where D , .., denotes a distance on the optical axis from
the aperture stop up to an image, at the telephoto end.

19. A zoom lens comprising 1n order from an object side

to an 1mage side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a Tourth lens unit having a negative refractive power;

an 1mage-side lens unit having a positive refractive
power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens unit and
the second lens unit widens, a distance between the
second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
unit changes, and

the following conditional expressions (4) and (5-1) are
satisfied:

0.05<(D 1D G 1iapn)f<0.22 (4)

23.067sf/f,<50 (5-1)

where D, ,, . denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,

D s, denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the 1image, at the wide angle
end,

f, denotes a focal length of the overall zoom lens system
at the telephoto end, and

f  denotes a focal length of the overall zoom lens system
at the wide angle end, wherein

the number of lens elements 1n the second lens unit 1s

three,
the following conditional expression (6) 1s satisfied

~0.06<f,/f<—0.03 (6)

where 1, denotes a focal length of the second lens unait.

20. The zoom lens according to claim 19, wherein

the second lens unit includes, 1n order from an object side
to an 1mage side, a negative lens, a negative lens and a
positive lenses.

21. The zoom lens according to claim 19, wherein

the following conditional expression (2) 1s satisfied

0.2<D 114/ <0.40 (2)

where D .., .. denotes a distance on the optical axis from
the aperture stop up to an image, at the telephoto end.

22. A zoom lens comprising in order from an object side

to an 1mage side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a fourth lens unit having a negative refractive power;
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an 1mage-side lens unit having a positive refractive
power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens unit and
the second lens unit widens, a distance between the
second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
umt changes, and

the following conditional expressions (4) and (5-1) are
satisfied:

0.05<(D G 11D 1mnn)fi=0.22 (4)

23.067<f/f, <50 (5-1)

where D, .., denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,

D, s, denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the image, at the wide angle
end,

. denotes a focal length of the overall zoom lens system
at the telephoto end, and

t ~denotes a focal length of the overall zoom lens system
at the wide angle end, wherein

the number of lens elements 1n the third lens unit 1s three,

the following conditional expression (6) 1s satisfied

~0.06<f ,/f<~0.03 (6)

where 1., denotes a focal length of the second lens unit.

23. The zoom lens according to claim 22, wherein

the third lens unit includes, 1 order from an object side
to an 1mage side, a positive lens, a negative lens and a
positive lenses.

24. The zoom lens according to claim 22, wherein

the following conditional expression (2) 1s satisfied

0.2<D 4omz/1,<0.40 (2)

where D , ..., denotes a distance on the optical axis from
the aperture stop up to an 1image, at the telephoto end.
25. A zoom lens comprising 1n order from an object side

to an 1mage side:

a first lens umt having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a fourth lens unit having a negative refractive power;
an 1mage-side lens unit having a positive refractive

power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens unit and
the second lens unit widens, a distance between the
second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
umt changes, and

10

15

20

25

30

35

40

45

50

55

60

65

30

the following conditional expressions (4) and (5-1) are
satisfied:

0.05<Dg1ms~Dc1man, ) f<0.22 (4)

23.067<f/f,<50 (5-1)

where D, ,,, denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,

D, s, denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the 1image, at the wide angle
end,

t, denotes a focal length of the overall zoom lens system
at the telephoto end, and

f  denotes a focal length of the overall zoom lens system
at the wide angle end, wherein

the number of lens elements 1n the first lens unit 1s three,

the number of lens elements 1 the second lens unit 1s
three,

the number of lens elements 1n the third lens unit is three,

the following conditional expression (6) 1s satisfied

~0.06<f,/f<—0.03 (6)

where 1., denotes a focal length of the second lens unit;

the lens component 1s a lens of which, only two surfaces
namely, an object-side surface and an 1image-side sur-
face make a contact with air, in an optical path.

26. The zoom lens according to claim 25, wherein

the fourth lens unit consists of one lens component, and

the lens component 1s a lens of which, only two surfaces
namely, an object-side surface and an 1image-side sur-
face make a contact with air, in an optical path.

27. The zoom lens according to claim 25, wherein

the 1mage-side lens unit consists of one lens component,
and

the lens component 1s a lens of which, only two surfaces
namely, an object-side surface and an image-side sur-
face make a contact with air, in an optical path.

28. The zoom lens according to claim 25, wherein

the fourth lens unit consists of one lens component,

the 1mage-side lens unit consists of one lens component,
and

the lens component 1s a lens of which, only two surfaces
namely, an object-side surface and an image-side sur-
face make a contact with air, in an optical path.

29. The zoom lens according to claim 28, wherein

the following conditional expression (2) 1s satisfied

0.2<D 4654/1,0.40 (2)

where D , .., .. denotes a distance on the optical axis from
the aperture stop up to an image, at the telephoto end.
30. A zoom lens comprising in order from an object side

to an 1mage side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a Tourth lens unit having a negative refractive power;

an 1mage-side lens unit having a positive refractive
power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens umit and
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the second lens unit widens, a distance between the
second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
unmt changes, and

the following conditional expressions (4) and (5) are
satisfied:

0.05<(Dg1mr—De1mann)f<0.22 (4)

20<f/f., <50 (5)

where D, .., denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,

D, s, denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the 1image, at the wide angle
end,

. denotes a focal length of the overall zoom lens system
at the telephoto end, and

f ~denotes a focal length of the overall zoom lens system
at the wide angle end, wherein

the number of lens elements 1n the first lens unit 1s three,

the following conditional expression (6-1) 1s satisfied

~0.0565f/f<~0.03 (6-1)

where 1., denotes a focal length of the second lens unit.

31. The zoom lens according to claim 30, wherein

the first lens unit includes, 1n order from an object side to
an 1mage side, a cemented lens includes a negative lens
and a positive lenses, and a positive lens.

32. The zoom lens according to claim 30, wherein

the following conditional expression (2) 1s satisfied

0.2<D ;o /f<0.40 (2)

where D , ..., denotes a distance on the optical axis from
the aperture stop up to an 1image, at the telephoto end.
33. A zoom lens comprising 1n order from an object side

to an 1mage side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a fourth lens unit having a negative refractive power;

an 1mage-side lens umit having a positive refractive
power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens unit and
the second lens unit widens, a distance between the
second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
umt changes, and

the following conditional expressions (4) and (5) are
satisfied:

0.05<(Dg 1D c1an,)f~0.22 (4)

20<f/f, <50 (5)

where D, .., denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,
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D, s, denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the 1image, at the wide angle
end,

f, denotes a focal length of the overall zoom lens system
at the telephoto end, and

t  denotes a focal length of the overall zoom lens system

at the wide angle end, wherein
the number of lens elements in the second lens unit 1s

three,

the following conditional expression (6-1) 1s satisiied

~0.0565f/f<-0.03 (6-1)

where 1, denotes a focal length of the second lens unat.

34. The zoom lens according to claim 33, wherein

the second lens unit includes, 1n order from an object side
to an 1mage side, a negative lens, a negative lens and a
positive lenses.

35. The zoom lens according to claim 33, wherein

the following conditional expression (2) 1s satisfied

0.2<D ;cp1z/f<0.40 (2)

where D , .., denotes a distance on the optical axis from
the aperture stop up to an image, at the telephoto end.
36. A zoom lens comprising in order from an object side

to an 1mage side:

a first lens unit having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a Tourth lens unit having a negative refractive power;

an 1mage-side lens unit having a positive refractive
power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens umt and
the second lens unit widens, a distance between the
second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
unit changes, and

the following conditional expressions (4) and (5) are
satisfied:

0.05<(D g1~ Dc1man, ) f~0.22 (4)

20<£/f.,<50 (5)

where D, n,, denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,

D s, denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the 1image, at the wide angle
end,

t, denotes a focal length of the overall zoom lens system
at the telephoto end, and

f denotes a focal length of the overall zoom lens system
at the wide angle end, wherein

the number of lens elements 1n the third lens unit 1s three,

the following conditional expression (6-1) 1s satisiied

~0.0565f/f<-0.03 (6-1)

where 1, denotes a focal length of the second lens unait.
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37. The zoom lens according to claim 36, wherein
the third lens unit includes, 1n order from an object side
to an 1mage side, a positive lens, a negative lens and a

positive lenses.
38. The zoom lens according to claim 36, wherein

the following conditional expression (2) 1s satisfied

0.2<D somz/1,<0.40 (2)

where D , ..., denotes a distance on the optical axis from
the aperture stop up to an 1mage, at the telephoto end.
39. A zoom lens comprising 1n order from an object side

to an 1mage side:

a first lens umt having a positive refractive power;

a second lens unit having a negative refractive power;

a third lens unit having a positive refractive power;

a fourth lens unit having a negative refractive power;

an 1mage-side lens unit having a positive relfractive
power; and

an aperture stop which 1s disposed between the second
lens unit and the fourth lens unit,

wherein the first lens unit includes a negative lens and a
plurality of positive lenses,

at the time of zooming from a wide angle end to a
telephoto end, a distance between the first lens unit and
the second lens unit widens, a distance between the
second lens unit and the third lens unit narrows, and a
distance between the third lens unit and the fourth lens
umt changes, and

the following conditional expressions (4) and (5) are
satisfied:

0.05<(D 116D 11 f<0.22 (4)

20<f/1.,<50 (5)

where D, ,,,, denotes a distance on the optical axis from
an object-side surface of a lens nearest to the object side
in the first lens unit up to the 1mage, at the telephoto
end,

D ., denotes a distance on the optical axis from the
object-side surface of a lens nearest to the object side
in the first lens unit up to the image, at the wide angle
end,
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t, denotes a focal length of the overall zoom lens system
at the telephoto end, and
f  denotes a focal length of the overall zoom lens system

at the wide angle end, wherein
the number of lens elements 1n the first lens unit 1s three,
the number of lens elements 1n the second lens unit 1s

three,
the number of lens elements 1n the third lens unit is three,
the following conditional expression (6-1) 1s satisfied

~0.0565f/f<-0.03 (6-1)

where 1, denotes a focal length of the second lens unit,

the lens component 1s a lens of which, only two surfaces
namely, an object-side surface and an 1image-side sur-
face make a contact with air, in an optical path.

40. The zoom lens according to claim 39, wherein

the fourth lens unit consists of one lens component,

the lens component 1s a lens of which, only two surfaces
namely, an object-side surface and an image-side sur-
face make a contact with air, in an optical path.

41. The zoom lens according to claim 39, wherein

the 1mage-side lens unit consists of one lens component,
and

the lens component 1s a lens of which, only two surfaces
namely, an object-side surface and an 1image-side sur-
face make a contact with air, in an optical path.

42. The zoom lens according to claim 39, wherein

the fourth lens unit consists of one lens component,

the 1mage-side lens unit consists of one lens component,
and

the lens component 1s a lens of which, only two surfaces
namely, an object-side surface and an image-side sur-
face make a contact with air, in an optical path.

43. The zoom lens according to claim 42, wherein

the following conditional expression (2) 1s satisfied

0.2<D ,s4/f<0.40 (2)

where D .., .. denotes a distance on the optical axis from
the aperture stop up to an image, at the telephoto end.

G o e = x
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